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(54) Aircraft cargo handling 

(57) A system and method for loading cargo as car- 
go units in an aircraft cargo handling system having a 
cargo loading bay (1 4) that opens laterally of the aircraft 
and at least one cargo slowing bay (6) adjacent to the 
cargo bading bay (18.20) longitudinally of the aircraft. 
Two self -erecting power drive units (26,28) are disposed 
in the cargo loading bay such that the associated rollers 
are oriented to propel cargo units in orthogonal direc- 
tions. The two power drive units in the loading bay are 
also disposed adjacent to each other such that, when 
both are in the erected position, the rollers of each unit 



simultaneously engage a single overlying cargo unit 
(24). The power drive units may be simultaneously 
placed in the erected position with the motors de-ener- 
gized, such that orthogonal orientation of the de-ener- 
gized drive rollers effectively prevents movement of an 
overlying cargo unit engaged by both rollers, whereby 
the cargo unit so engaged is prevented from inadvertent 
movement out of the loading bay. The power drive units 
are equipped with a sensor for detecting when a cargo 
unit overlies the power drive unit, and a controller is re- 
sponsive to such sensors for removing power from the 
power drive units when not in use. 
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(54) Aircraft cargo handling 

(57) A system and method for toading cargo as car- 
go units in an aircraft cargo handling system having a 
cargo loading bay (1 4) that opens laterally of the aircraft 
and at least one cargo stowing bay (6) adjacent to the 
cargo loadrng bay (18,20) longitudinally of the aircraft. 
Two self -erecting power drive units (26,28) are disposed 
in the cargo loading bay such that the associated rollers, 
are oriented to propel cargo units in orthogonal direc- 
tions. The two power drive units in the loading bay are 
also disposed adjacent to each other such that, when 
both are iri the erected position, the rollers of each unit 



simultaneously engage a single overlying cargo unit 
(24). The power drive units may be simultaneously 
placed Jn the erected position with the motors de-ener- 
gized, such that orthogonal orientatiori of the de-ener- 
gized drive rollers effectively prevents movement of an 
overlying cargo unit engaged by both rollers, whereby 
the cargo unit so engaged is prevented from inadvertent 
movement out of the loading bay. The power drive units 
are equipped with a sensor for detecting when a cargo 
unit overlies the power drive unit, and a controller is re- 
sponsive to such sensors for removing power from the 
power drive units when not in use. 
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Description 

The present invention is directed to aircraft cargo 
handling systems and methods, and more particularly 
to control of power drive units for propelling cargo con- 5 
tamers between and among cargo loading and stowing 
bays in an aircraft. 

Background and Summary of the Invention 

One aspect of the present invention contemplates 
a system and method for loading cargo as cargo con- 
tainers in an aircraft cargo handling system having a car> 
go loading bay that opens laterally of the aircraft and at 
least one cargo stowing bay adjacent to the cargo load- 
ing bay longitudinally of the aircraft. A plurality of (at 
least two) power drive units are disposed in the cargo 
loading bay. Each of the power drive units includes a 
power drive roller for engagement with a cargo container 
that overlies the power drive unit, a motor responsive to 
application of electrical power for driving the roller, and 
structure for selectively erecting or lifting the power drive 
unit from a retracted position in which the roller would 
be spaced beneath an overlying cargo unit to an erected 
or lifted position in which the drive roller is disposed for 
engagement with an overlying cargo unit. The two pow- 
er drive units are disposed such that the associated roll- 
ers are oriented to propel cargo units in orthogonal di- 
rections - ie, either laterally into or out of the loading bay, 
or longitudinally in the forward/aft direction between the 
loading bay and an adjacent stowing bay. The two power 
drive units In the loading bay are also disposed adjacent 
to each other such that, when both are in the erected 
position, the rollers of each unit simultaneously engage 
a single overlying cargo unit. The power drive units are 
coupled to a controller for selectively energizing the mo- 
tors and the structure for erecting the powei- drive units. 

The power drive units may be simultaneously 
placed in the erected position with the motors de-ener- 
gized, such that orthogonal orientation of the de-ener- 
gized drive rollers effectively prevents movement of an 
overlying cargo unit engaged by both rollers, whereby 
the cargo unit so engaged is prevented from inadvertent 
movement out of the loading bay. 

It is a general advantage of the present invention to 
provide an improved system and method for construc- 
tion and control or power drive units for loading cargo 
containers into and out of the loading bay of an aircraft, 
and forconveying the cargo units from and to the loading 
bay through the aircraft stowing bays. Another advan- 
tage of the present invention is to provide an aircraft car- 
go handling system and method of the described char- 
acter in which each power drive unit is equipped with 
facility for sensing when a cargo unit overlies the power 
drive unit so as to conserve application of power to the 
power drive units when not needed for use. 

The power drive units in the cargo loading bay in 
the preferred embodiments of the invention comprise 



so-called self-erecting units responsive to application of 
electrical power to the drive motor for both erecting the 
unit and driving the drive roller. The motor Is coupled 
through a power-splitting planetary gearditterential to a 
mechanism for erecting the power drive unit upon initial 
application of electrical power to the motor and for 
thereafter applying motor output torque to the drive roll- 
er. Each self-erecting power drive unit includes a brake 
mechanism coupled to the unit-erecting mechanism and 
10 responsive to the controller for maintaining the power 
drive un it in the erect position independently of the motor 
and upon removal of electrical power from the motor 
The controller is responsive to a system operator for ac- 
tivating the lateral power drive unit in a first mode of op- 
^5 eration for loading or unloading cargo to or from the car- 
go loading bay by erecting the lateral power drive unit 
and energizing the associated roller to propel cargo en- 
gaged by such roller laterally Into or out of the loading 
bay In a second mode of operation selectable by the 
^0 system operator, the longitudinally directed power drive 
unit is erected and energized to propel cargo in the lon- 
gitudinal direction between the cargo loading bay and 
the adjacent cargo stowing bay In a third mode of op- 
eration, both of the power drive units are placed in the 
25 erected position so as to lock a cargo unit engaged by 
both of the drive rollers. The third mode of operation in 
the preferred embodiments of the invention is automat- 
ically entered by operation of the controller when neither 
the first nor the second mode of operation has been se- 
30 lected by a system operator 

Power drive units are also disposed in the cargo 
stowing bays in the preferred embodiments of the inven- 
tion for conveying cargo units from the cargo loading bay 
longitudinally to and through the cargo stowing bays. 
35 The power drive units In the cargo stowing bays are also 
connected to the system controller and responsive to 
control of a system operator. The drive motors in all of 
the power drive units are bidirectional motors, with the 
system controller controlling direction of rotation under 
^0 control of the system operator To enhance system con- 
trol while conserving electrical power, each power drive 
unit may be equipped with a sensor in accordance with 
another aspect of the present invention for sensing 
when a cargo unit overiies the associated drive unit. 
^ (This aspect of the present invention may be employed 
either separately from or in combination with other as- 
pects of the invention.) The several sensors are all con- 
nected to the system controller for selectively activating 
and de-activating the power drive units as cargo units 
*o are conveyed through the cargo bays. The sensor in the 
preferred embodiments of the invention comprises-an 
electro-optical sensor responsive to reflection of light 
from an overlying cargo unit. The sensor may take other 
forms, such as a mechanical contact switch. 
'5 There now follows a description of preferred em- 
bodiments of the invention, by way of example, with ref- 
erence being made to the accompanying drawings, in 
which: 
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FIG. 1 is a tunctional block diagram of an aircraft 
cargo handling system in accordance with an ex- 
emplary embodiment of the invention; 
FIG. 2A is a perspective view of a sell-erecting pow- 
er drive unit (SEPDU) employed in the system of 
FIG. 1 . and FIG. 28 is a functional block diagram of 
the SEPDU of FIGS. 2A; 

FIG. 3 is a sectional vievy of Ihe self-erecting power 
drive unit illustrated in FIGS. 2A and 2B; and 
FIG. 4A is a perspective view of a spring-loaded 
power drive unit (SLPDU) employed in the system 
of FIG. 1. and FIG. 4B is a functional block diagram 
of the SLPDU illustrated in FIG. 4A. 

Detaiied Description of Preferred Embodiments 

FIG. 1 illustrates a cargo handling system 10 in acr 
cordance with an exemplary preferred embodiment of 
the invention employed in conjunction with an aircraft 
1 2 having a cargo loading bay 1 4 and a series of cargo 
stowing bays 16, 1 8.20. Cargo loading bay 1 4 opens lat- 
erally of aircraft 12 through a cargo bay door 22 dimen- 
sioned to receive a cargo unit 24 of standardized dimen- 
sion on a tray or in a standard container, etc. Such cargo 
units 24 are often called unit loading devices or ULDs 
in the art. Cargo unit stowing bays 16,18,20 are posi- 
tioned longitudinally adjacent to each other and to load- 
ing bay 14 so that cargo units may be conveyed through 
the bays in sequence. It will be appreciated, of course, 
that additional stowing bays may be provided aft of load- 
ing bay 14. Aircraft 12 is illustrated in FIG. 1 as being 
dimensioned to accommodate two cargo units 24 in lat- 
eral side-by-side position. Greater or fewer lateral cargo 
unit positions may be provided. The illustration of load- 
ing and stowing bays in FIG. 1 is for purposes of discus;- 
slon only. Directional adjectives, such as "laterar and 
■longitudinal," are employed by way of description with 
reference to this exemplary configuration. 

A pair of self-erecting power drive units (SEPDUs) 
26,28 are disposed in fixed position in loading bay 14 
sufficiently closely adjacent to each other so that both 
units 26,28 may engage a single overlying cargo unit 
24. Each power drive unit is bidirectional in construction, 
which is to say that power drive unit 26 Is configured and 
disposed to propel cargo units 24 in the lateral direction 

27 into and out of bay door 22. while power drive unit 

28 is configured and disposed to propel cargo units 24 
in the forward/aft direction 29 to and from the adjacent 
cargo stowing bay 16. A spring-loaded power drive unit 
(SLPDU) 30 is disposed within each stowing bay 
16,18,20 in general longitudinal alignment with drive unit 
28 for conveying cargo units 24 in sequence from load- 
ing bay 14 to and through loading bays 16;18,20. Each 
spring-loaded power drive unit 30 is constructed and po- 
sitioned to propel cargo units bidirectlonally In the for- 
ward/aft direction 29. A second series of self -erecting 
power drive units 26a,28a and spring-loaded power 
drive units 30a Is positioned laterally adjacent to drive 



units 26,26,30. 

All of the power drive units 26,28,30,26a, 263, 30a 
are connected to a logic power and control panel (LPC) 
or controller 32. Controller 32 controls operation of the 
5 various power drive units and receives feedback Infor- 
mation therefrorp, as will be described in detail herein- 
after. Controller 32 also receives operator control infor- 
mation from a joystick 34 having a handle 36 that may 
be manipulated by an operator to four orthogonally dis- 
fo posed positions for commanding movement in the lat- 
eral IN and OUT directions, or in the forward (FWD) or 
AFT directions. In the centered position of handle 36, 
no cargo unit motion is commanded. LPC/cont roller 32 
preferably comprises a microprocessor-based control- 
15 ler of any suitable architecture. 

. As will be understood by persons skilled in the art, 
power drive units 26,28,26a and 28a are surrounded by 
an omnidirectional conveyor such as a ball transfer unit 
for supporting the weight of cargo units 24 during motion 
either laterally into or out of the loading bay or longitu- 
dinally to or from the stpwing bays. Likewise, unidirec- 
tional roller conveyors or the like are disposed in stowing 
bays 16,18,20 surrounding drive units 30,30a and sup- 
porting the weight of the cargo units. The ball or roller 
conveyors support the cargo units in a plane along 
which the units are propelled by the power drive units. 
These conventional conveyoi^ mechanisms are hot illus- 
trated in FIG. 1 for purposes of clarity. 

FIGS. 2A,2B and 3 Illustrate self-erecting power 
drive unit 26. units 28,26a and 28a being identical there- 
to. A case 40 houses a bidirectional a/c induction motor 
42. A power-Splitting planetary gear differential 46 has 
an input connected to the output shaft 44 of motor 42. 
and a first output connected through a series of gears 
48,50,52,54.56 to a lift shaft 58 coupled to lift cams 60. 
A second output of differential 46 is connected through 
a torque control mechanism 62 and a series of gears 
76.64,66 and 68 to a roller drive shaft 70. A drive roller 
72 is coupled to shaft 70, and is responsive to applica- 
tion of electrical power to motor 42 for engaging and pro- 
pelling cargo units, as will be described. Torque control 
device 62 comprises a circumferential array of magnets 
74 mounted on a gear 76 coupled to gear 76, and a sec- 
ond circumferential array of permanent magnets 78 dis- 
posed in fixed position axial ly opposed to the array of 
magnets 74. 

Upon initial application of electrical power to motor 
42, the magnetic forces in torque control 62 resist appli- 
cation of torque through gears 76,64.66,68,70 to roller 
. 72, so that the initial motor output torque is transferred 
by gears 48,50,52,54,56 to shaft 58 and lift cams 60. 
Cams 60 operate against adjacent followers on the sup- 
port structure so that unit 26 is lifted or erected from a 
retracted position, in which roller 72 is disposed at a po- 
sition beneath the plane of the surrounding conveyor 
and thus beneath an overlying cargo unit, to a lifted or 
erected position in which roller 72 is disposed to engage 
an overlying cargo unit. At this lifted or erected position, 
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• further rotation of shaft 5B and cams 60 is prevented, so 
that the output torque of motor 42 overcomes the mag- 
netic drag applied by torque control 62 and drives roller 
72 to rotate about its axis. Cams 60 are symetrical so 
as to lift the power drive unit whether the motor is ener- 
gized in the forward or reverse direction. 

Direciion of rotation of motor 42 is controlled by a 
motor direciion control circuit 80 (FIG. 2B. such as a 
phase reversing relay), which receives electrical power 
and directional control signals from LPC/ controfler 32 
(FIG. 1 ). An electromagnetic brake 82 (FIGS. 2B and 3) 
is disposed adjacent to differential gear 52 (FIG. 3), and 
is responsive to a brake control signal from LPC/con- 
troller 32 to hold gear 52 of differential 46. and thereby 
hold power drive unit 26 in erected position, independ- 
ent of motor 42. Power drive unit 26 also includes a pho- 
to-optical sensor 84 that has a laser diode light source 
86 and a phototrahsistor light detector 88 disposed to 
detect presence of an overlying cargo unit 24 as a func- 
tion of light energy transmitted to and reflected back 
from the overlying cargo unit. (An ambient light sensor 
may be iemployed, which detects an overlying cargo unit 
when ambient light is blocked.) Sensor 84 provides a 
corresponding electrical signal to LPC/cont roller 32 in- 
dicating whether or not a cargo unit or ULD is in position 
overlying the power drive unit. 

FIGS. 4A and 4B Illustrate spring-loaded power 
drive unit (SLPDU) 30, unit 30a being identical thereto. 
A bidirectional electric motor 42 is disposed within a 
case 92 and coupled by suitable gearing to a cargo unit 
drive roller 72. Motor 42 is controlled by a phase revers- 
ing relay or other suitable motor direction control circuit 
80. which in turn receives power and direction control 
Information from LPC/controHer 32 (FIG. 1 ). A feedback 
signal is provided to LPC/controller 32 indicating oper- 
ation of motor 42. A cargo unit or ULD sensor 84 is pro- 
vided in SLPDU 30 for Indicating presence of a cargo 
unit or ULD 24 overlying power unit 30, and providing a 
corresponding signal to LPC/controller 32 as previously 
described. It will be noted in FIG. 4B that SLPDU 30 con- 
tains no mechanism for selectively lifting and lowering 
the drive roller, or a brake as in FIGS. 2B and 3 tor main- 
taining the roller in the erect position. Rather, case 92 
of drive unit 30 is engaged by a pair of coil springs 90 
for urging roller 72 to a position for driving engagement 
with an overlying cargo unit 24. 

In operation, loading of a cargo unit or ULD is initi- 
ated by operator movement of joystick handle 36 to the 
IN position. LPC/controller 32 then monitors sensors 84 
in drive unit 26 to detemnine whether or not a cargo unit 
24 is present at the loading bay door. If a cargo unit is 
or has been loaded through the loading door, the cargo 
unit will be detected by sensor 84 of drive unit 26. LPC/ 
controller 32 is responsive to the signal from the ULD 
sensor for activating the drive motor of SEPDU 26 to 
erect the drive unit and then drive the drive roller so as 
to assist the loading operation. That is, LPC/controller 
32 supplies power and direction control information to 



SEPDU 27 to drive the overlying cargo unit in the IN di- 
rection. The cargo unit may then be stopped in position 
overlying drive units 26,28 as illustrated in phantom in 
FIG. 1 by operator release of the joystick handle, or may 
.5 be moved to position overlying drive units 26a,28a by 
continued holding of the joystick handle in the IN posi- 
tion. When cargo unit 24 moves to a position overlying 
drive unit 26a, presence of the cargo unit is delected by 
the drive uniL ULD sensor, and drive unit 26a is auto- 
10 matically activated by LPC/controller 32 to continue lat- 
eral movement of the cargo unit. In the meantime, when 
the cargo unit no longer overlies drive unit 26, absence 
of the cargo unit is sensed by ULD sensor 84, and drive 
unit 26 is de-activated - i.e. . returned to its retracted po- 
^5 sition by de-energizing the motor while not energizing 
the brake. 

With cargo unit 24 overlying drive units 26,28 (or 
26a, 28a), the cargo unit may be moved to and through 
stowing bays 1 6, 1 8,20 by operator placement of joystick 
20 handle in the FWD position. In this second mode of op- 
eration, drive unit 26 is automatically retracted by LPC/ 
controller 32, and drive unit 28 is automatically activated 
by applying electrical power to motor 42 in the forward 
direction su as first to lift or erect the drive unit through 
25 its associated differential 46, and then to power roller 72 
in the forward longitudinal direction. Tn this way, cargo 
unit 24 is moved in the longitudinal forward direction to- 
ward spring-loaded power drive unit 30 In stowing bay 
1 6. As the cargo unit approaches drive unit 30, controller 
30 32 activates drive unit 30 so as to convey cargo unit 24 
in a forward and uninterrupted motion, when cargo unit 
24 leaves loading bay 14, which is to say that the cargo 
unit no longer Overlice power drive unit 28, ULD sensor 
84 of drive unit 28 provides a corresponding signal to 
35 LPC/controller 32. which then deactivates drive unit 28. 
In the meantime, drive unit 30 in bay 16 continues to 
convey the cargo unit in the fonvard direction as long as 
joystick 34 is held in the FWD position. As the cargo unit 
approaches drive unit 30 in bay 18, drive unit 30 is au- 
40 tomatically activated by controller 32 to continue the 
smooth uninterrupted motion of the cargo unit. Forward 
motion is arrested when joystick handle 36 is returned 
to the center position. 

Unloading of cargo from aircraft 12 proceeds in a 
45 manner essentially opposite to that hereinabove de- 
scribed. That is, the operator first moves joystick handle 
36 to the AFT position, whereupon LPC/controller 32 ac- 
tivates the spring-loaded power drive unit in stowing bay 
16.18 or 20 (whichever is closest to door 22 and has a 
50 cargo unit overlying the same). The carqo unit is con- 
veyed in a smooth and uninterrupted motion in the AFT 
directbn, with the spring-loaded power drive unit being 
deactivated by controller 32 as soori as the cargo unit 
has been transferred to the next stowing unit, which is 
55 to say that the cargo unit is no longer detected by the 
drive unit sensor 84. When cargo unit 24 reaches the 
position illustrated in phantom in FIG. 1 , the operator 
moves joystick handle 36 from the AFT position to the 
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OUT position: whereupon drive unit 28 is deactivated 
and drive unit 26 is activated to move the cargo unit lat- 
erally out of loading bay door 22. 

Orthogonally oriented drive units 26.28 (and 26a, 
28a) cooperate with each other and with LPC/controller s 
32 in a third mode of operation to lock cargo unit 24 in 
position In the loading bay when neither lateral nor lon- 
gitudinal motion has been commanded by the operator. 
That is, both drive units are lifted (if. necessary) and 
maintained in the lifted or erected position while the ■ io 
drive motors are turned off or de-energized because no 
cargo unit motion is desired by the operator. Where the 
drive unit has already been erected, this is accom- 
plished by activating brake 82 (FIGS. 2B and 3). while 
deactivating motor 42. Thus, roller 72 remains in fric- is 
tional contact with the overlying cargo unit 24 while no 
motion is imparted to the roller from the drive motor The 
other drive unit is simultaneously erected by LPC/con- 
troller 32 by activation of motor 40. at which point motor 
42 is deactivated while the associated brake 82 is ener- 20 
gized. Thus, both of the orthogonally oriented drive units 
26.28 (or 26a.28a) are erected, but the respective drive 
rollers are not energized. Orthogonal orientation of the 
drive rollers prevents motion of the cargo, unit. That is, 
the drive roller of drive unit 26, which would permit cargo 25 
unit motion in the lateral direction acts as a friction brake 
on the under surface of the cargo unit to prevent motion 
in the longitudinal direction. In the same way, the drive 
roller of drive unit 28, which permits cargo unit motion 
in the longitudinal direction, acts as a friction brake on 30 
the underside of the cargo unit to prevent motion in the 
lateral direction. The cargo unit Is thus held in position 
by drive units 26,28 so as to prevent inadvertent motion 
either longitudinally or laterally out of loading bay door 



Claims 

1. A method of loading cargo as cargo units in an air- 40 
craft cargo handling system having a cargo loading 
bay that opens laterally of the aircraft and at least 
one cargo stowing bay adjacent to said cargo load- 
ing bay longitudinally of the aircraft, said method 
comprising the steps of: 4S 

(a) providing in said cargo loading bay at least 
two orthogonally oriented self-erecting power 
drive units, each having a drive roller coupled 

to an electrb motor for driving a cargo unit ei- so 
therlongitudinally or laterally and means for se- 
lectively erecting said power drive unit from a 
retracted position to an erected position for en- 
gagement with a cargo unit ove riy ing said drive 
unit, 55 

(b) selectively activating one of said power 
drive units in a first mode of operation for load- 
ing or unloading cargo to or from the cargo load- 



ing bay by erecting said one unit and energizing 
said roller of said one unit to propel a cargo unit 
. in engagement with such roller laterally into or 
out of the loading bay, 

(c) selectively activating the other of said power 
drive units in a second mode of operation for 
moving cargo between the cargo loading bay 
and the cargo stowing bay by erecting said oth- 
er unit and energizing said roller of said. other 
unit to propel a cargo unit In engagement with 
such roller longitudinally into or out of the load- 
ing bay, and 

(d) in a third mode of operation, erecting both 
of said power drive units so as to lock in position 
a cargo unit engaged by both of said drive roll- 
ers due to said orthogonal orientation of said 
drive rollers. 

2. The method set forth in claim 1 wherein said means 
for selectively erecting said power drive units pro- 
vided in said step (a) comprises means coupled to 
said motors such that energization of said motors 
in said steps (b) and (c) both erect and drive the 
rollers of the associated units. 

3. The method set forth in claim 1 or 2 wherein said 
power drive units provided in said step (a) each fur- 
ther include brake means for maintaining said units 
in erect position, and wherein said step (d) compris- 
es the step of energizing said brake means in both 
of said power drive units while de-energizing said 
motors in both of said units. 

4. The method set forth in claim 3 comprising the ad- 
ditional steps of: 

(e) entering into said first and second modes of 
operation responsive selection by an operator, 
and 

(f ) entering into said third mode of operation au- 
tomatically when neither of said first and sec- 
ond modes of operation has been selected in 
said step (e). 

5. The method set forth in any preceding claim com- 
prising the additional steps of: 

(g) sensing aL each of said power drive units 
when a cargo unit overlies such power drive 
unit, and 

(h) entering into said first, second and third 
modes of operation at each of said power drive 
units individually only when a said cargo unit 
overlies said drive unit. 

6. The method set forth in any preceding claim com- 
prising the additional steps of: 
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(h) providing in said at least one cargo stovying 
bay a third power drive unit having a drive roller 
coupled to an electric motor for driving a cargo 
unit longitudinally from and to the cargo loading 
bay and means for sensing when a cargo unit 
overlies said third power drive unit, and 

(i) in said second mode of operation, energizing 
sard motor in said third power drive unit. 

7. A method of handling cargo as cargo units in an air- 
craft cargo handling system comprising, the steps 
of: 

(a) providing a power drive unit having a power 
drive roller for engagement with a cargo unit 
that overlies said power drive unit, an electric 
motor responsive to application of electrical 
power for driving said drive roller, and means 
for sensing whien a cargo handling unit overlies 
said power drive unit. 

(b) applying electrical power to said motor to 
drive said roller and propel a cargo unit along 
said system, and 

(c) terminating application of electrical power to 
said motor in said step (b) when said sensing 
means senses that a cargo unit no longer over- 
lies said power drive unit. 

8. The method set forth in claim 7 wherein said step 
(a) comprises the step of providing a plurality of said 
power drive units in a series for sequentially engag- 
ing and moving a cargo unit, 

wherein said step (b) comprises the step of ap- 
plying electrical power to said motor of each 
said drive unit in sequence as a cargo unit ap- 
proaches each said unit, and 
wherein said step (c) comprises the step of ter- 
minating application of electrical power to said 
motor in each said unit when the cargo unit no 
longer overlies such unit. 

9. The method set forth In claim 7 or 8 comprising the 
additional steps of: 

(d) providing at said power drive unit means for 
selectively erecting said unit from a retracted 
position to an erected position for engagement 
with a cargo unit overlying said drive unit. 

(e) activatinq said erecting means prior to said 
step (b) to bring said drive roller into position 
for engagement with a cargo unit, and 

(f) de-actrvating said erecting means In said 
step (e) when said sensing means senses that 
a cargo unit no longer overlies said power drive 
unit. 

1 0. The method set forth in claim 9 wherein said means 



for selectively erecting said power drive unit provid- 
ed in said step (d) comprises means coupled to said 
electric motor such that application of electrical 
power to said motor in said step (b) both erects the 
£ power drive unit and drives the roller in said unit. . 

11. The method set forth in any of claims 7 to 10 com- 
prising the additional steps of: 

10 (g) providing brake means at said power drive 

unit coupled to said erecting means for selec- 
tively maintaining said erected position at said 
power drive unit independent of said motor, and 
(h) activating said brake means responsive to 

1^ said sensing means to nnaintain said erect po- 

sition of said power drive unit when electrical 
power is removed from said motor and a cargo 
unit overiies said power drive unit. 

20 12. The method set forth In claim 11 comprising the ad- 
ditional step of: 

(i) de-activating said brake means in said step 
(h) responsive to said sensing means when said 
sensing means senses that a cargo unit no longer 

2S overiies said power drive unit. 



1 3. A system for handling cargo units in an aircraft hav- 
ing a cargo loading bay that opens laterally of the 
aircraft and at least one cargo stowing bay adjacent 
to said cargo loading bay longitudinally of the air- 
craft, said system comprising: 



30 
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55 



a plurality of power drive units tor disposition in 
the cargo loading bay. each of said power drive 
units Including a power drive roller for engage- 
ment with a cargo unit overlying the power drive 
unit, a motor coupled to said roller and respon- 
sive to electrical power for driving said roller, 
and means for selectively erecting said power 
drive unit from a retracted position In which said 
roller is spaced from a overlying cargo unit to 
an erected position in which said drive roller is 
disposed for engagement with an overlying car- 
go unit, 

said plurality of power drive units including a 
first power drive unit for disposition such that 
the associated roller is oriented to propel cargo 
units laterally of the aircraft and a second power 
drive unit for disposition such that the associat- 
ed roller is oriented to propel cargo units longi- 
tudinally of the aircraft, said power drive units 
being for disposition adjacent to each other 
such that both may selectively simultaneously 
engage a single cargo unit, and 
control means for selectively energizing said 
motors and said erecting means in said first and 
second power drive units, Including means for 
selectively energizing said erecting means In 
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both of said units simultaneously such that or- 
thogonal orientation of said drive rollers in said 
first and second power drive units effectively 
prevent movennent of an overlying cargo unit 
engaged by both said rollers. s 

14. The system set forth in claim 13 wherein each of 
said power drive units further includes means for 
sensing presence of a cargo unit overlying the pow- 
er drive unit, said control means further including io 
means responsive to all of said sensing means for 
selectively energizing all of said motors and all of 
said erecting moans. 

1 5. A system for handling cargo units In an aircraft com- is 
prising: 

an electric motor, 

a drive roller coupled to said motor and carried 
for engagement with an overlying cargo unit, 20 
means for sensing presence of a cargo unit 
overlying said roller and 
means responsive to said sensing means lor 
energizing said motor when a cargo unit over- 
lies said roller and de-energizing said motor 25 
when a cargo unit no longer overlies said motor. 

16. The system set forth in claim 14 or 15 wherein each 
said sensing means comprises a photo-optical sen- 
sor. 30 

17. The system set forth in claim 1 6 wherein said photo- 
optical sensor comprises a light source and a light 
sensor carried by an associated power drive unit for 
detecting presence of a cargo unit overlying the as- 3S 
sociated power drive unit as a function of light en- 
ergy from said light source reflected by the cargo 
unit onto said light sensor. 

18. The system set forth in claim 15 or any claim de- 40 
pendent therefrom wherein said electric motor, said 
drive roller and said sensing means are disposed in 

a power drive unit that further includes means for 
selectively erecting said power drive unit from a re- 
tracted position in which said roller Is spaced from 4S 
an overlying cargo unit and an erected position in 
which said roller is disposed for engagement with 
an overlying cargo unit, and 

wherein said means responsive to said sens- 
ing means includes means for energizing said so 
erecting means when a cargo unit overlies said 
power drive unit and de-energizing said erecting 
means when a cargo unit no longer overlies said 
power drive unit. 

55 

19. The system set forth in claim 13 or any claim de- 
pendent therefrom; or claim 18 wherein said erect- 
ing means in each of said first and second power 



drive units comprises a power-splitting differential 
having an input coupled to said motor a first output 
for erecting said povyer drive unit and a second out- 
put coupled to said roller, and brake means coupled 
to said first output for maintaining erected position 
of said power drive unit after said motor is de-ener- 
gized, and 

wherein said control means includes means 
for selectively activating said brake means inde- 
pendent of said motor in each said power drive unit. 

20. The system according to any of claims 1 6 to 1 9 in- 
cluding control moans. 

21. The system set forth in any of claims 13, 14 or 20 
wherein each said motor is a bidirectional motor, 
and wherein said control means includes means for 
selectively controlling direction of each said motor 
for selectively loading and unloading cargo units to 
and from the cargo loading bay under control of said 
first power drive unit and for selectively conveying 
cargo units to and from the cargo stowing bay under 
control of said second power drive unit. 

22. The system set forth in claim 21 further comprising 
a third power drive unit for disposition in the cargo 
stowing bay, and wherein said control means in- 
cludes means for operating said third power drive 
unit in coordination with said second power drive 
unit for conveying cargo units between the cargo 
loading bay and the cargo stowing bay. 
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simultaneously engage a single overlying cargo unit 
(24). The power drive units may be simultaneously 
placed in the erected position with the motors de-ener- 
gized, such that orthogonal orientation of the de-ener- 
gized drive rollers effectively prevents movement of an 
overlying cargo unit engaged by both rollers, whereby 
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movement out of the loading bay. The power drive units 
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